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Description 

[0001] This invention relates to a method of sealing 
the end of a tubular workpiece to be hydroformed, ac- 
cording to the preamble of claim 1 . 5 
[0002] The hydroforming process has application in 
various manufacturing and industrial processes for 
manufacturing parts used, for example, in automotive 
manufacturing, in the aerospace industry, and furniture 
manufacturing and in other instances where a tubular 10 
product formed to very precise dimensions and usually 
possessing properties of strength and lightness is de- 
sired. 

[0003] A conventional hydroforming press apparatus 
is taught by Bowman et al. in U.S. Patent 5,233,854. 15 
However, such a press apparatus is deficient in that 
burrs on the edges of the starting material tube can dam- 
age the O-rings used for sealing, causing the seal unit 
to leak. Secondly, the portion of the starting tube mate- 
rial extending from the ends of the dies does not usually 20 
form part of the finished product, and accordingly must 
be trimmed away as scrap material. As a result, the cost 
of manufacturing increases both in terms of the addi- 
tional materials cost and the time and equipment re- 
quired to trim away the excess material. 25 
[0004] U.S. Patent 5,235,836 to Klages et al. teaches 
a seal head for tube expansion having elastomeric rings 
which are protected against damage from burrs. How- 
ever, as in the Bowman patent, the sealable portion of 
the tube extending adjacent the seal head may not 30 
match the desired shape of the final hydroformed prod- 
uct and must generally be trimmed away as scrap. Fur- 
thermore, the elastomeric rings periodically need to be 
replaced, thereby increasing manufacturing costs. 
[0005] U.S. Patent 4,761,982 to Snyder teaches a 35 
method and apparatus for forming a tube which elimi- 
nates the need for elastomeric rings. In the Snyder pat- 
ent, a widely flaring bell section is formed in each end 
of the tube that generally must be trimmed away as 
scrap. 40 

[0006] U.S. Patent 5,475,911 to Wells et al. also de- 
scribes a hydroforming tool which eliminates the need 
for elastomeric rings and provides wide outward flares 
on the workpiece outer wall. However, unless it is de- 
sired for the outer wall of the ends of the workpiece to 45 
be flared outwards, the ends of the workpiece must still 
be trimmed away as scrap. 

[0007] WO99/0361 6 to Horton on which the preamble 
of claim 1 is based, describes a method in which tube- 
end engaging structures engage opposite ends of a tu- so 
bular blank to substantially seal the opposite ends. 
These tube-end engaging structures conform to the 
cross-section of the blank and the seal produced there- 
by will depend on the tolerance variations in the ID of 
the tubular blank. Moreoverthe ends ofthe blank cannot 55 
be formed and will have to be trimmed away as scrap. 
[0008] Accordingly, there remains a need for a sealing 
apparatus which can be applied to an end of a workpiece 



without the need for using elastomeric rings, and that is 
adapted to be tailored to match a desired shape of the 
end portion of the product, and that can seal the net 
shape or desired shape of the final product, thereby 
eliminating or minimizing the amount of scrap material 
which must be trimmed away from the ends of the work- 
piece for a wide range of end shapes. 
[0009] The object of the present invention, is to pro- 
vide a method for sealing an end of a tubular workpiece 
without the need for elastomeric rings, by mechanically 
conforming the end of the workpiece to the desired 
shape ofthe end ofthe final hydroformed product or as 
closely as possible to that shape. 
[001 0] This object is achieved according to the inven- 
tion by a method with the steps defined in claim 1. 
[0011] Preferred embodiments of the invention will 
now be described with reference to the drawings, in 
which like reference numerals represent like elements, 
and in which 

Fig. 1 is a partial perspective view illustrating partly 
schematically a hydroforming press suitable for car- 
rying out the method according to the present in- 
vention, showing the ram, the bed, the clamp, the 
sealing tool, and the tubular workpiece; 

Fig. 2 is a longitudinal cross-sectional view of an 
end portion of the hydroforming press; 

Fig. 3 is a view corresponding to Fig. 2 at the end 
of the deforming step; 

Fig. 4 is a front view partially iri section of the hy- 
droforming press at the end of the deforming step; 

Fig. 5 is a longitudinal cross-sectional view of the 
sealing tool shown in Fig. 1 showing an initial stage 
of a sealing operation; 

Fig. 6 is a magnified view of the coining portion of 
the sealing tool shown in Fig. 5; 

Fig. 7 is a longitudinal cross-sectional view showing 
a later stage in the sealing operation; 

Fig. 8 is a magnified view of the coining portion of 
the sealing tool shown in Fig. 7; 

Fig. 9 is a longitudinal cross-sectional view corre- 
sponding to Fig. 7 and showing use of a modified 
sealing tool; 

Fig. 10 is a magnified view ofthe coining portion of 
the sealing tool shown in Fig. 9; 

Fig. 11 is a magnified view similar to Fig. 6 showing 
use of a further modified sealing tool and clamping 
device; 
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Fig. 12 is a top view of a further modified form of 
sealing tool; 

Fig. 13 is a side view of the tool shown in Fig. 12; 

Fig. 14 is a top view of a further modified form of 
sealing tool; 

Fig. 15 is a side view of the tool shown in Fig. 14; 
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[0012] Referring to Fig. 1 f a press 10 for hydroforming 
a tubular member is shown comprising a ram 12, a bed 
14 (only portions of which are seen in Fig. 1), an end 
forming member in the form of a clamp 16, and an elon- 
gate sealing tool 1 8. The position of the bed 14 is fixed, 1 5 
and the ram 12 is adapted for movement along a usually 
vertical axis normal to the bed 14 through conventional 
controllable hydraulic means (not shown). An upper die 
20 is coupled to the bottom portion of the ram 12. An 
upper die cavity 22 (Fig. 2) is formed in the upper die 20 20 
and extends the length of the die 20. A lower die 24 is 
coupled on the upper portion of the bed 14 and is adapt- 
ed to mate with the upper die 20. A lower die cavity 26 
(Fig. 2) is formed in the lower die 24 and extends the 
length of the die 24. 25 
[0013] When the upper die 20 mates with the lower 
die 24, the upper and lower cavities 22 and 26 together 
define an elongate cavity 28 (Fig. 5) for capturing and 
correspondingly forming a tubular metal workpiece 30. 
The cavity 28 may often exhibit planar opposing side 30 
surfaces. For example, it may be of generally triangular, 
trapezium, trapezoidal or rectangular cross-section with 
rounded corners, or it may be of a closed curve cross- 
section, for example circular or elliptical, or a more com- 
plex closed curve cross-section, or may comprise linear 35 
and curved portions, in order to form a similarly config- 
ured final hydroformed part. 

[0014] The clamp 16 comprises a substantially rec- 
tangular body 34 having a pair of opposite sides, an up- 
per edge 36, a clamping surface 38 provided in the bot- 40 
torn portion of the clamp 16, and a pair of wings 40, 42 
extending laterally from the sides. In the example illus- 
trated, the clamp 16 is slidably mounted on an end face 
44 of the upper die 20 or ram 12 through L-section guide 
rails 46, 48. The guide rails 46, 48 are secured to the 45 
end face 44 with fasteners 50. The wings 40, 42 are sl- 
idably received between the guide rails 46, 48 and the 
end face 44 to maintain the clamp 16 flush against or 
parallel to the end face 44 while also allowing the clamp 
16 to move in relation to the die 20, along an axis trans- 50 
verse to a longitudinal axis of the elongate cavity 28. 
Other arrangements for supporting the clamp 16 for 
movement relative to the ram 12 or die 20 are of course 
possible. Means are provided for biassing the clamp 16 
to a normally displaced position in which the clamp 16 55 
projects downwardly below the die 20. The biassing 
means may, for example, comprise a gas spring or me- 
chanical springs. In the preferred form, the biassing 



means comprises a fluid operated, for example pneu- 
matic or, preferably, hydraulic cylinder and piston ar- 
rangement that is coupled between the upper die 20 or 
ram 12 and the clamp 16. For example, a cylinder 52 
may be secured to the die 20 or to the end face 44, and 
a piston working in the hydraulic cylinder 52 has a rod 
52a that acts on the upper edge 36 of the clamp 1 6. The 
supply of pressurized fluid to the cylinder 52 may be reg- 
ulatable through control means (not shown) for control- 
ling the positioning of the clamp 16 relative to the upper 
die 20. Alternatively, the cylinder 52 may be permanent- 
ly pressurized and a relief valve may be provided to al- 
low liquid to exit the cylinder 52 to accommodate relative 
movement of the clamp 16 with respect to the die 20. 
Although the clamp 1 6 is shown in Figs. 1 and 2 as mov- 
ing vertically, it should be appreciated that the clamp 16 
may move along a line of action normal to or inclined 
non-perpendicularty to the lower die 24 or bed 14 in a 
direction inclined to the axis of the ram 12. 
[0015] In the example illustrated, the clamping sur- 
face 38 is adapted to mate with a portion of the lower 
die 24 located directly below the clamping surface 38. 
An upper end forming cavity 54 is formed in the clamping 
surface 38. In the example shown, when the clamping 
surface 38 presses against the lower die 24, the upper 
end forming cavity 54 defines together with a portion of 
the lower die cavity 26 located directly below the clamp- 
ing surface 38 an end forming cavity 56 (Fig. 3) for cap- 
turing an end portion 58 of the tubular workpiece 30. The 
cavity 56 preferably forms a smooth transition axially 
with the elongate cavity 28 and cooperates with the cav- 
ity 28 to define a desired shape for the end portion 58 
of the workpiece 30. As a result, the entire end portion 
58 need not be trimmed away as scrap. 
[0016] Usually, the transverse cross-sectional shape 
of the end forming cavity 26 generally matches, and is 
generally similar to, the transverse cross-sectional 
shape of the elongate cavity 28 that corresponds to the 
shape of the final hydroformed part, at least in the por- 
tion of the cavity 28 adjacent the cavity 26. For example, 
the cavities 26 and 28 may each in transverse cross- 
section be elongated in the same direction. Further, the 
cavities 26 and 28 may have side surfaces that are gen- 
erally parallel. For example, each may have planar or 
generally planar opposing surfaces, with the opposing 
surfaces of the cavity 26 generally parallel to the oppos- 
ing surfaces of the cavity 28. 

[0017] As will be apparent to those skilled in the art, 
the lower portion of the end forming cavity 56 may be 
formed by an end forming member other than a portion 
of the lower die cavity 26, for example by an upper por- 
tion of a lower clamp device similar to and opposing 
clamp 1 6 and mounted for vertical movement on the bed 
14 or lower die 24 in a manner similar to the above-de- 
scribed mounting and positioning of the clamp 1 6 on ram 
12 or upper die 20. 

[0018] It will be appreciated that the end forming cav- 
ity 56 may have any of a wide variety of shapes to satisfy 
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the required final shape of the tubular member. 
[0019] In the example shown in Figs. 1 to 8, the elon- 
gate sealing tool 18 comprises a base 60 and a tapered 
tip 62. The tapered tip 62 may, however, be omitted. The 
tool 1 8 further comprises a neck 64 extending forwardly 5 
from the base 60, and a coining portion 66 positioned 
between the base 60 and the neck 64. In this example, 
the neck 64 and base 60 are similar in cross-section to 
the end forming cavity 56 and the desired final shape of 
the end portion 58. In the example illustrated, wherein 10 
the desired final shape is rectangular, for example, the 
neck 64 comprises generally parallel planar side walls 
70, 72 and faces 74, 76 connected through rounded cor- 
ner edges. The tapered tip 62 includes a fluid flow port 
78 opening at the leading end of the tool 18, and tapers 15 
smoothly from the forward end of the neck and in this 
example comprises generally planar side walls 80, 82 
and faces 84, 86 connected to each other and to the 
neck 64 through smoothly rounded edges thereby pro- 
viding the sealing tool 18 with a transverse cross-sec- 20 
tional area which is greater at the neck 64 than at the 
leading end of the sealing tool 18. The tapered tip 62 
may assist in forming the end portion 58 of the work- 
piece 30 by pushing it outward from the inside when ad- 
vanced into the workpiece 30 as described later. 25 
[0020] As shown in Fig. 6, the coining portion 66 in- 
cludes an inner flank 90 and a coining edge 92, and is 
continuous around the entire circumference of the seal- 
ing tool 18. Preferably, the coining portion 66 comprises 
a shoulder which inclines outwards at the neck 64 rear- 30 
wardly towards the base 60. 

[0021] The sealing tool 18 as seen in Figs. 1 and 2 
also includes a rear fluid flow port 96 provided in the 
base 60, and a fluid passageway 98 (Fig. 5) which ex- 
tends between the ports 96 and 78. As shown somewhat 35 
schematically in Fig. 1 , the sealing tool 1 8 may be cou- 
pled at the port 96 through valving V to a high pressure 
fluid source S along a line 99. The sealing tool is also 
coupled to a positioning means, for example a horizon- 
tally operating conventionally controllable hydraulically 40 
operated piston and cylinder arrangement (not shown), 
for moving the sealing tool 18 along an axis parallel to 
the longitudinal axis of the cavity 56 between retracted 
(Fig. 2), intermediate (Fig. 3) and advanced (Fig. 7) po- 
sitions. 45 

[0022] As will be appreciated, when the tubular work- 
piece 30 is to be hydroformed, it is necessary to fill fluid, 
usually water, into the interior of the tubular workpiece 
30. In the example illustrated in Figs. 1 to 10, the fluid 
passageway 98 is relatively narrow. As a result, the flow 50 
rate of fluid through the fluid passageway 98 is low. It 
will be appreciated that a wide passageway 98 may be 
employed so that a satisfactorily high flow rate may be 
achieved through the passageway 98. Where, however, 
tiie passageway 98 is narrow, to facilitate shorter filling 55 
times, a fast fill shroud (not shown) may surround the 
sealing tool 18 to provide a low pressure/high flow rate 
fluid path to the interior of the tubular workpiece 30. 



Each such shroud may include a large diameter low 
pressure conduit communicating through valving with a 
low pressure/high volume flow rate fluid dispensing 
means and the interior of the shroud. The interior of the 
tubular workpiece 30 is first rapidly filled with fluid 
through the shroud and the high flow rate fluid dispens- 
ing means. After the tubular workpiece 30 is substan- 
tially filled, the process of hydrofbrming is commenced 
by sealing the workpiece 30 at each end, isolating the 
interior of the workpiece 30 from the low pressure dis- 
pensing means, and pressurizing the fluid therein by ap- 
plying a high pressure through the fluid passageway 98. 
[0023] Suitable low pressure/high flow fast fill shrouds 
are taught in commonly assigned U.S. Patent 5,235,836 
to Klages et al. which relates to a horizontally recipro- 
cable shroud and in U.S. Patent 5,445,002 to Cudini et 
al which relates to a horizontally split box type shroud. 
The shroud includes an interior communicating with the 
low pressure/high volume fluid dispensing means, a 
communication between the forward end of the shroud 
and the outer end of the end forming 56, and an O-ring 
seal provided at a rearward end of the shroud within 
which the tool 18 is reciprocable while preventing rear- 
ward fluid leakage between the shroud and the base 60 
of the sealing tool 18. When the sealing tool 18 is ad- 
vanced sealingly within the end portion 58, the shroud 
and low pressure dispensing means are isolated from 
the high pressure created within the workpiece 30. In 
the case in which a horizontally reciprocable shroud is 
used, the shroud may be coupled to positioning means 
for advancing and retracting the shroud sealingly toward 
and away from the outer end of the clamp 1 6 and of the 
member defining the lower portion of the end forming 
cavity, for example the lower die 24. In the case in which 
a split box type shroud is employed, the shroud may 
comprise upper and lower portions connected to the 
clamp 16 and to the lower end forming member, for ex- 
ample the lower die 24, or lower clamp if present, re- 
spectively. These portions seal together in a closed po- 
sition of the clamp 16 relative to the lower end forming 
member. 

[0024] One form of process by which a tubular mem- 
ber is hydroformed using the press 10 will now be de- 
scribed. Referring again to Fig. 1, a tubular workpiece 
30, which may be pre-bent to a desired general form, is 
placed on the lower die 24 with a lower portion of the 
workpiece 30 disposed within the lower die cavity 26, 
preferably with its end edges 33 as seen in Fig. 6 dis- 
posed adjacent an outer face of the clamp 1 6, where- 
upon the hydraulic means is activated to bring the ram 
12 from an open position as seen in Fig. 1 to a partially 
closed position wherein the upper die 22 is in close prox- 
imity to but spaced from the lower die 24. 
[0025] In the partially closed position of the ram 12, 
the upper die 20 may be vertically displaced a distance 
from the outer surface of the tubular workpiece 30. Pref- 
erably, however, in the partially closed position the work- 
piece 30 is compressive^ gripped between the upper 
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and lower dies 20 and 24 to resist longitudinal displace- 
ment of the workpiece 30 by reaction with the tool 18, 
or deformation during subsequent pre-pressurization, if 
employed. In the case in which the clamp 16 is not per- 
manently biassed downwardly relative to the die 20, the 5 
pressure In the cylinder 52 at this stage may be control- 
led so that the clamp 1 6 is vertically displaced below the 
upper die 22 as seen in Fig. 1 . As a result, the clamp 1 6 
closes on the lower die 24 as seen in Figs. 3 and 4 and 
the end portion 58 of the tubular workpiece 30 is n* 
clamped within and captured in the end forming cavity 
56. 

[0026] As the clamp 16 closes together with the lower 
die 24 these members will usually deform the end por- 
tion 58 of the workpiece 30 from its initial cross-section 15 
preferably to a final cross-section desired for the hydro- 
formed part. This cross-section corresponds to that of 
the end forming cavity 56. For example, the end portion 
may be deformed from a circular to an oval cross-sec- 
tion, or vice versa , or from an oval or circular cross-sec- 20 
tion to a generally square, rectangular, triangular, trape- 
zium, trapezoidal or other polygonal cross-section with 
rounded comers that may be sharply radiused. Various 
other cross-sections are of course possible. For exam- 
ple, the cross-section may comprise both linear and 25 
curved portions. Significantly, the shape of the deformed 
end portion 58 is not limited to simply curved cross-sec- 
tions but may be of relatively complex cross-section in- 
cluding linear-profiled and tightly radiused portions that 
could not readily be sealed with an elastomeric seal. In 30 
this manner, the workpiece can be formed along its en- 
tire length including its end portions with a desired final 
configuration without needing to separately form end 
portions with oval, circular or other simply curved cross- 
sections that lend themselves to elastomeric sealing 35 
purposes and that have to be cut off and discarded be- 
fore use of the hydroformed part. In the event that the 
desired end portion is of exceptionally complex cross- 
section so that it cannot be sealed in accordance with 
the present invention, the sealing procedure of the in- 40 
vention allows the cross-section of the sealed end por- 
tion to be tailored to correspond to or closely match the 
desired cross-section with only a short transition section 
so that wastage of metal may be eliminated or at least 
greatly reduced. 45 
[0027] Before, during or after the closure of the clamp 
16 from the Fig. 2 to the Fig. 3 position, the tool 18 is 
advanced to a position as seen in Fig. 3 wherein the 
tapered portion 62 and a portion of the neck 64 enter 
the workpiece 30. 50 
[0028] A function of the clamp 1 6, apart from deform- 
ing the end portion 58 as described above may be to 
engage the end portion 58 frictionally so as to resist axial 
thrust forces exerted by the tool 18 during coining inser- 
tion within the workpiece 30 so that the workpiece 30 is 55 
not crumpled or shifted bodily inwardly relative to the 
upper and lower dies 20 and 24 when the tool is ad- 
vanced into the workpiece, especially in cases in which 



gross deformation results in view of gross discrepancies 
between the cross-sections of the starting tube and of 
the desired final product The function of the tool 18, 
apart from sealing the end portion 58 as described in 
more detail below, may be to support the workpiece 30 
internally against undesired inward deformations, for 
example pronounced longitudinal corrugation or creas- 
ing that may occur when the clamp 16 moves to its 
closed (Fig. 3) position, and that may be difficult to elim- 
inate in subsequent processing, again especially in cas- 
es in which there is gross deformation as a result of 
gross discrepancies between the starting material and 
desired final cross-sections. 

[0029] Hence, in cases in which there is no acute de- 
formation, for example in the case in which a circular 
starting tube is deformed to an elliptical cross-section 
product or vice versa , it will usually be possible to deform 
the end portion 58 by closing the clamp 16 in the ab- 
sence of the tool 18, or, if desired, by inserting the tool 
18 while the clamp 16 remains at least partially open, 
for example in the open' (Fig. 2) position, and one of 
these procedures may be preferred in some manufac- 
turing processes since it may reduce processing or cy- 
cle times. However, in some cases, the use of a fast fill 
shroud as described above may reduce cycle times. 
[0030] In the example illustrated in Figs. 1 to 8 of the 
drawings, it is desired to deform the end portion 58 from 
an initial circular cross-section to a final generally rec- 
tangular cross-section and to support the workpiece 30 
both internally and externally during the course of this 
deformation. In the example of Figs. 1 to 8, usually, dur- 
ing the course of closure of the clamp 16 from the open 
(Fig. 2) to the closed (Fig. 3) position, the positioning 
means is activated to advance the sealing tool 18 to- 
wards the end portion 58 of the workpiece 30, along an 
axis parallel to the longitudinal axis of the elongate and 
end forming cavities 28 and 56. As the sealing tool 18 
advances from the Fig. 2 to the Fig. 3 position, the ta- 
pered tip 62 and the neck 64 of the sealing tool 18 enter 
the interior region 88 of the workpiece 30, and the end 
portion 58 begins to be deformed by the inward lateral 
pressure exerted by the clamp 16 and lower die 24 
against the outer surface of the tubular workpiece 30. 
Any tendency for axial movement of the tubular work- 
piece 30 induced by the advance of the sealing tool 18 
is resisted by friction between the clamp 1 6 and lower 
die 24 and the outer surface of the workpiece 30. 
[0031] The closure of the clamp 16 and the advance 
of the sealing tool 18 continue until the shape of the end 
portion 58 is substantially similar to the shape of the end 
forming cavity 56 and to the transverse cross-section of 
the neck 64 adjacent the base portion 90. That is to say 
these elements are similar in that they are of the same 
shape and may differ in size. This point, which, in the 
example illustrated, is shown in Figs. 13 and 14, signi- 
fies the end of the deformation step and is reached when 
the upper clamping surface 38 contacts the lower press- 
ing surface 24. 
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[0032] In the example illustrated, when it is desired 
that the end portion 58 be subjected to zero expansion 
during the deformation step, the periphery of the neck 
portion 64 should be equal to or slightly less than the 
periphery of the inner circumference of the starting ma- 
terial tube 30. Preferably, there is a clearance of at least 
about 0.001 inches (about 0.03 mm) between the sur- 
faces of the neck portion and the inner surfaces of the 
deformed end portion 58. The periphery of the inner cir- 
cumference of the end forming cavity 56 should prefer- 
ably be equal to the nominal periphery of the outer cir- 
cumference of the starting material tube 30. Usually, no 
regard is paid to the manufacturer's tolerances in the 
starting material tube outside diameter. With regard to 
the wail thickness, usually the dimensions of the appa- 
ratus are based on the minimum wall thickness of the 
workpiece. Usually, the wall thickness tolerance is spec- 
ified by the manufacturer as positive only, for example 
-0.0 + 0.008 Inches and in such case the design may be 
based on the nominal wall thickness. The manufactur- 
er's tolerances are normally relatively small and can be 
accommodated by small deformations of the end portion 
58. In the event the outside dimension of the workpiece 
30 is greater than nominal, the clamp 16 and lower 
member such as lower die 24 slightly compress the end 
portion 58 and conform it to the nominal dimension when 
they close together. In the event the inside dimension is 
less than nominal, the sealing tool 18 slightly expands 
the workpiece 30 when it is inserted and conforms the 
workpiece 30 to the nominal internal dimension. Usually, 
therefore the design is based on the nominal outside di- 
mension and the minimum wail thickness of the starting 
tube workpiece 30. 

[0033] In the event that a fast fill shroud is used, at 
the end of the deformation step, the sealing tool 18 is 
retracted partially from the tubular workpiece 30 and rel- 
ative to the fast fill shroud so as to create a passageway 
between the inner surface 31 of the tubular workpiece 
30 and the sealing tool 18. The interior region 88 of the 
tube 30 is then rapidly filled with fluid from the low pres- 
sure/high flow rate fluid dispensing means through the 
lower pressure conduit and shroud. The O-ring seal pro- 
vided at the rearward end of the shroud prevents rear- 
ward low pressure fluid leakage between the shroud and 
the base 60 of the sealing tool 18. The opposite end of 
the tubular workpiece 30 may at this point be sealed by 
a sealing tool and clamp arrangement similar to that de- 
scribed above with reference to Figs. 1 to 8, or by a plug 
means of the type known by those skilled in the art. 
[0034] After the tubular workpiece 30 is filled with flu- 
id, the tool 18 is advanced to perform a coining and seal- 
ing step which seals the sealing tool 18 to the end por- 
tion 58 of the workpiece 30. During the sealing step, 
pressure continues to be applied to cylinder 52 to main- 
tain lateral pressure exerted by the clamp 16, and the 
sealing tool 18 is advanced towards the workpiece 30 
until the coining edge 92 presses against the end 33 of 
the workpiece 30. 



[0035] In the embodiment illustrated in Figs. 5 to 8r 
the distance between the inner flank 90 and the coining 
edge 92 of the tool 18 is preferably less than the wall 
thickness of the tubular workpiece 30, and is preferably 
5 at most about 75% of the wall thickness of the deformed 
tubular workpiece 30, based on the tube's minimum wall 
thickness. 

[0036] The positioning means for the sealing tool 18 
is then actuated to press the tool 18 a short distance 
10 past the end 33 into the end portion 58, causing the coin- 
ing portion to coin a short section of the end portion 58 
of the workpiece 30 by thinning rt. This step is shown in 
Figs. 7 and 8. The width of the base portion 60 rearward- 
ly of the coining edge 92 is such that the coining oper- 
as ation reduces the wall thickness of the deformed end 
portion 58 of the workpiece 30. Since the coining portion 
66 is continuous around the periphery of the tool 18 and 
the inner surface 31 of the workpiece 30 is held pressed 
against the base 60 and the neck 64 of the sealing tool 
20 1 8 by reaction with the surfaces of the second cavity 56, 
the coining operation results in a continuous shoulder 
being formed around the inner surface 31 at which there 
is a strong compressive reaction between the tool 18 
and the workpiece 30, thereby producing a leak-resist- 
25 ant end seal between the end portion 58 and the sealing 
tool 18 capable of withstanding subsequent internal 
pressures within the workpiece 30. In order to retain the 
tool 18 in the sealing position and to resist the force of 
internal fluid pressure tending to displace the tool 1 8 out- 
30 wardly, locking means may applied to the tool. Such 
locking means may for example comprise wedges in- 
serted laterally to engage the tool 1 8 and thrust it slfghtly 
inwardly to complete the coining and sealing of the work- 
piece. The wedges block any tendency for retraction. 
35 Alternatively, locking gates, such as the backstop 
means or blocks disclosed in commonly assigned U.S. 
patent 5,235,836 (Klages et al), may be applied to the 
tool 18. 

[0037] Preferably, the coining step reduces the wall 

^o thickness of the workpiece 30 at least about 0.0001 inch 
and up to about 0.050 inch (about 0.003 to about 1.3 
mm). Reductions in thickness less than about 0.0001 
inch may result in insufficient resilient reaction between 
the coined workpiece 30 and the tool 18 so that a com- 

45 pletely leak-tight seal is not achieved. Reductions in wall 
thickness greater than about 0.050 inch may require ex- 
cessive expenditure of energy, may subject the appara- 
tus to excessive mechanical stresses, and may exert ax- 
ial thrust that the clamp 16 is incapable of resisting so 

so that the workpiece may be pushed axially through or dis- 
placed axially relative to the clamp 16. Further, exces- 
sive rates of wear of the tool 18 may be produced. More 
preferably, the reduction in wall thicknesis due to coining 
is about 0.0015 inch to about 0.015 inch (about 0.04 to 

55 0.4 mm) and still more preferably about 0.002 to about 
0.011 inch (about 0.05 to about 0.33 m). 
[0038] Instead of having a coining portion that ex- 
tends in a single step from the neck portion 74 to the 
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base portion 60, the tool 18 may have a coining portion 
that comprises a plurality of steps, so that the inside of 
the workpiece is coined to form it with a series of steps. 
In such case the preferred reductions in wall thickness 
discussed above refer to the aggregate or sum of all the 5 
reductions in wall thickness effected by these steps be- 
tween the neck portion 74 and the base portion 60. 
[0039] When selecting the dimensions of the base 
portion 60, usually regard will be paid to the tolerances 
in the wall thickness of the workpiece 30 in order to 10 
achieve a desired degree of reduction in the wall thick- 
ness that produced an adequately fluid tight seal. For 
example, if the width of the end forming cavity 56 is 2 
inches (50.8 mm) and the original wall thickness is 0.060 
inches (1 .524 mm) with a tolerance of -0.0 + 0.008 inch- 15 
es (-0.0 + 0.2032 mm) the base portion 60 may have a 
width of 1.886 inches (47.9044 mm) so that the coining 
operation will produce a wall thinning of between 0.003 
and 0.011 inches (between 0.0762 and 0.2794 mm). 
[0040] It may be noted that in the coining and sealing 20 
steps, the tool 18 is in direct metal to metal contact with 
the workpiece 30, thus avoiding the problems and limir 
tations associated with elastomeric seals. In order to re- 
duce the rate of wear of the tool 1 8, it may be hardened 
by any conventional hardening method. 25 
[0041] During the coining and end sealing operation, 
and during the step of fully closing the die 20 on the low- 
er die 24, pressure is maintained in the cylinder 52 suf- 
ficient to resist the tendency for the clamp 16 to be 
forced upwardly. For example, a pressure relief valve 30 
may be connected to the cylinder 52 and set such that, 
while maintaining a desired pressure, fluid may be exit- 
ed from the cylinder sufficiently to accommodate the 
coining and die closure operations while maintaining the 
clamp 1 6 pressed tightly against the lower die 24. 35 
[0042] If necessary or desired, an internal pre-pres- 
surization of the workpiece 30 may then be conducted 
by connecting the fluid inlet port 96. to a source of high 
pressure. This pre-pressurization is less than the final 
hydroforming pressure and the procedure and the ad- *o 
vantages thereof are described in more detail in com- 
monly-assigned U.S. patent Re. 33,990 (Cudini) the dis- 
closure of which is incorporated by reference herein. 
Briefly, the pre-pressurization allows the workpiece 30 
to be received in a complexly configured or somewhat 
small cross-section die cavity while avoiding problems 
of undesired or detrimental deformation, for example as 
a result of pinching of the workpiece 30 between the up- 
per and lower dies 20 and 24 externally of the elongate 
cavity 28. Once the pre-pressure is applied, or immedi- so 
ately following the coining and end sealing operation in 
the event that pre-pressure is not applied, the ram 12 is 
operated to lower the upper die 20 and fully close it on 
the N lower die 24 and capture the workpiece 30 in the 
upper and lower die cavities 22 and 26. High pressure 55 
is applied through the port 96 to cause the workpiece 
30 to hydroform, that is to say to conform intimately to 
the interior surfaces of the cavity 28, wherein the interior 



surfaces of the cavity 28 press inwardly on and define 
the final shape of the workpiece. As a result, the circum- 
ference of the starting material tube workpiece 30 may 
expand from about zero to about 100%. During the pre- 
pressure step, if used, and the hydroforming step, axi- 
ally inward pressure is maintained on the tool 1 8 through 
its positioning means sufficient to withstand the axially 
outwardly directed thrust. 

[0043] The high pressure is then relieved, the tool 18 
retracted to the Fig. 2 position, the reciprocable fast fill 
shroud, if present, is retracted, and the ram 12 and 
clamp 16 lifted to the Fig. 2 position to allow the hydro- 
formed workpiece to be exited from the apparatus. A 
fresh tube workpiece 30 may then be placed on the low- 
er die 24 and the above cycle of operation repeated. 
[0044] In the case in which a fast fill shroud is not 
present, the workpiece after end sealing may be filled 
and pressurized through the passageway 98, without 
needing to retract the tool 1 8 from the workpiece 30 until 
after completion of the hydroforming cycle. 
[0045] In the case in which the tool 18 is introduced 
to the Fig. 3 position before the clamp 16 is closed, the 
above described procedure is followed except the clamp 
1 6 is closed before fast filling, if used, or before the coin- 
ing and end sealing in the event a fast fill shroud is not 
employed. 

[0046] In the case in which the clamp 1 6 is closed be- 
fore the tool 18 is inserted, the above procedure may be 
modified by fast filling, if used, while the tool 18 remains 
retracted, or by coining to end seal the tube and filling 
through the passageway 98 in the event that a fast fill 
shroud is not employed. 

[0047] As will be appreciated, control of the operation 
of the ram 12, of retraction and advance of the tool 18, 
of the pressurization of the cylinder 52 and hence of 
movement of the clamp 16, of the reciprocable fast fill 
shroud, when present,, and of the valving associated 
with the fast fill shroud and with the high pressure source 
connected to the passageway 98, may be effected man- 
ually but normally will be controlled automatically by 
conventional control means operated according to a 
timed cycle. 

[0048] Various modifications to the above are of 
course possible. For example, the sealing tool 18 may 
expand the end portions 58 of the workpiece 30. In such 
case, the above described procedure is modified in that 
the periphery of the neck portion 64 of the tool 1 8 is sub- 
stantially greater, for example up to about 20% greater, 
than the inner periphery of the workpiece 30, and the 
dimensions of the end forming cavity 56 defined by the 
clamp 1 6 and lower die 24 or other end forming member 
are such that they snugly receive the exterior of the ex- 
panded end portion of the workpiece 30. In order to re- 
sist the axial thrust generated during the step of expan- 
sion of the end portion of the workpiece 30 by insertion 
of the neck portion 64 of the tool 18, an opposite end of 
the workpiece 30 may be gripped or blocked from move- 
ment, for example by opposing it with an abutment 
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member,, or a similar expanding tool 18 may be simul- 
taneously inserted into the opposite end of the work- 
piece 30, or an intermediate portion of the workpiece 30 
may be gripped between the upper and lower dies 20 
and 24 in partly closed position. 
[0049] In another variation, a sealing tool 218 shown 
In Figs. 9 and 10 may be used. The sealing tool 218 is 
similarto the sealing tool 18, and like parts are denoted 
by similar reference numerals raised by 200. However, 
in contrast to the sealing tool 18, the distance between 
the inner flank portion 290 and the coining edge 292 is 
preferably slightly less than the wall thickness of the tu- 
bular workpiece 30, and the width of the base portion 
260 is such that the tool 218 coins an end face of the 
deformed end portion 58. 

[0050] The procedure for using sealing tool 218 is as 
described above with reference to tool 18 except in the 
coining step it is pressed into the end 33 of the end por- 
tion 58 sufficiently to cause the coining edge 292 to coin 
only the end face 33 of the end portion 58. This step is 
shown in Figs. 9 and 10. This forms an internal flare seal 
wherein the end surface of the tube 30 is deformed and 
thinned non-uniformly to provide it with an angled face 
33a and creating a seal between the coining portion ex- 
tending between the portions 290 and 292 and the angle 
face 33a. The remainder of the procedure is as de- 
scribed above in relation to tool 18. 
[0051] Fig. 11 shows a further modification in which a 
sealing tool 318 has a base portion 316 of width some- 
what greater than the inner width of the deformed end 
portion 58, but less than the outside width of the portion 
58, and a neck portion 364 that tapers inwardly from a 
coining edge 392. The end forming members, for exam- 
ple an upper clamp similar to clamp 1 6, or a lower clamp, 
or an end forming portion of the lower die 324, as shown, 
has an inner side 326 extending parallel to the outer side 
of the base portion 316 and to the axis of the deformed 
end portion 58, and an end portion 327 that extends 
transversely outwardly from the inner side 326. In the 
coining and sealing step, wherein the outer side of the 
deformed end portion is engaged by the end forming 
members and the tool 318 is forcefully pressed axially 
inwardly into the deformed end portion 58, the wall of 
the end portion 18 is flared slightly axially rearwardly 
from the end portion 327 and is pinched and thinned be- 
tween the coining edge 392 and the inner side 326, as 
seen in Fig. 11. 

[0052] The sealing tools 18 and 218 described above 
with reference to Figs. 1 to 10 provide internal support 
for the workpieces 30 in that during the deformation 
step, the neck 64, 264 supports the end portion 58 of 
the workpiece 30 along its entire inner surface 31. 
Therefore, the sealing tools 18 and 218 are useful for 
applications requiring exceptionally severe deformation 
of the workpiece 30. However, since the tapered tip 62, 
262 includes generally planar side walls and faces, the 
sealing tools 18 or 218 must be retracted from the work- 
piece 30 at the end of the deformation step rf fast All is 



to be employed, so that fluid may enter the interior 88 
between the tool 18 or 218 and the workpiece 30. this 
retraction step may increase the time required to pro- 
duce the finished tubular member. 

£ [0053] To allow for more rapid filling of the workpiece 
30, a modified sealing tool 418 (Figs. 12 and 13) may 
be used. The sealing tool 418 is similar to the sealing 
tool 18 and comprises a base 460, a tapered tip 462, a 
neck 464 extending between the base 460 and the ta- 

10 pered tip 462, a continuous coining portion 466 posi- 
tioned between the base 460 and the neck 464 and in- 
cluding an inner flank portion 490 and a coining edge 
492, a fluid flow port 478 provided in the tapered tip 462, 
a fluid inlet port 496 provided in the base 460, and a fluid 

is passageway 498 extending between the fluid ports 496 
and 478. However, in cQntrast to the sealing tool 18, the 
neck 464 may be shortened, and the tapered tip 462 
includes a pair of opposing concave side walls 480, 482 
extending from the leading end of the sealing tool 418 

20 to the neck 464 to give the sealing tool 418 a progres- 
sively greater transverse cross-sectional area near the 
neck 464 than near the leading end. 
[0054] In use, after placing the workpiece 30 in the 
press, preferably the tool 418 is inserted into the work- 

25 piece 30 during the step of closing together the end 
forming members such as clamp 16 and lower die 24 to 
deform the end portion 58. An opposite end of the work- 
piece 30 is sealed. Fast filling may then be commenced 
through an exterior fast fill shroud. Initially, the tool 418 

30 is inserted approximately to the extent indicated in Fig. 
5, so that the neck 464 does not enter the workpiece 30. 
Since there is a gap between the end of the workpiece 
30 and each side wall 480, the workpiece can be and 
preferably is fast filled through these gaps. The tool 418 

35 is then inserted to the extent indicated in Fig. 7 in order 
to coin and seal the end of the workpiece. Pre-pressur- 
ization, die closure and hydroforming can then follow in 
the manner generally as described above in detail with 
reference to Figs. 1 to 8. During initial insertion of the 

40 tool 418, the tapered tip 462 mechanically smooths out 
the deformed end portion 58 from the interior so as to 
avoid undesired corrugations or indentations that might 
otherwise be introduced into the end portion during clo- 
sure of the end forming members, and that might be dif- 

45 ficult to remove by application only of internal fluid pres- 
sure. Since the tool 418 of Figs. 12 and 13 allows for a 
shorter process cycle over the tool 18 of Figs. 1 to 8, 
because it does not require a step of retraction to 
achieve fast filling, it is generally preferred over the tool 

50 18. 

[0055] Turning to Figs. 14 and 15, a sealing tool 518 
is shown, somewhat similar to tool 418. Like parts are 
denoted by like reference numerals raised by 100. In 
this case, however, the distance between the inner flank 
55 portion 590 and the coining edge 592 is slightly less than 
the wall thickness of the workpiece 30, and the tool 418 
may be used in the manner described above with refer- 
ence to tool 218 except again the sealing tool 518 does 
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not have to be retracted from the workpiece 30 to 
achieve a fast filling step. 

[0056] It is to be understood that the description of the 
preferred embodiments is not intended to be exhaustive 
of the present invention. Those of ordinary skill will be 5 
able to make certain additions, deletions and/or modifi- 
cations to the disclosed embodiments without departing 
from the scope of the invention, as defined by the ap- 
pended claims. 



Claims 

1. A method of sealing an end of a tubular workpiece 
(30) having an initial transverse cross-section, a is 
wall thickness, an inner surface (31), an interior re- 
gion (88) bounded by the inner surface (31), and a 
pair of opposite ends (58), the method comprising 
the steps of: 

20 

providing a sealing tool (18) comprising a neck 
(64), and a coining portion (66) comprising a 
shoulder extending outwardly from said neck 
(64); characterised in that 
one of said opposite ends (58) is deformed to 25 
provide a deformed end portion having a de- 
formed transverse cross-section different from 
said initial transverse cross-section; and 
said workpiece (30) being coined by axially 
pressing the neck (64) of the said sealing tool 30 
(18) into said deformed end portion while en- 
gaging the coining portion (66) of the sealing 
tool (18) against the end surface (33) of said 
one opposite end (58) and pressing said one 
opposite end laterally inwardly and thereby 35 
sealing said deformed end portion. 

2. A method as claimed in claim 1, characterised in 
that said deforming step comprises forcing said 
neck (64) into said interior region while laterally *o 
pressing said one opposite end (58) toward said 
neck (64). 

3. A method as claimed in claim 1 or 2 characterised 

in that said step of deforming said one opposite end 45 
(58) comprises providing an end forming member 
(16), and urging said end forming member (16) 
transversely inwardly toward said one opposite end 
(58). 

50 

4. A method as claimed in claim 3 characterised in 
that said end forming member (16) has an inner 
side (24) engaging said one opposite end (58), said 
inner side (24) extending parallel to an axis of said 
one opposite end (58). 55 

5. A method as claimed in any of claims 1 to 4 char- 
acterised in that the sealing tool (18) comprises a 



base portion (60) rearwardly of said coining portion 
(66) of transverse width greater than an inner trans- 
verse width of said deformed transverse cross-sec- 
tion. 

6. A method as claimed in claim 5 characterised in 
that said coining step comprises inserting said base 
portion (60) axially inwardly with respect to said in- 
ner side (24) of said end forming member (16) and 
said one opposite end (58). 

7. A method as claimed in claim 5 characterised in 
that said coining step comprises engaging an end 
surface (33) of said one opposite end (58) with said 
coining portion (66) while maintaining said base 
portion (60) axially outwardly from said end surface 
(33) of said one opposite end (58). 

8. A method as claimed in claim 5 characterised in 
that said end forming member (1 6) has an end por- 
tion (34) extending transversely outwardly from said 
inner side (24), and wherein said coining step com- 
prises inserting said neck (60) axially inwardly with 
respect to said end portion (34) of said end forming 
member (16) and said one opposite end (58) and 
pinching said tubular workpiece (30) between said 
coining portion (66) and said inner side (24). 

9. A method as claimed in any preceding claim char- 
acterised in that said coining step causes a reduc- 
tion in said wall thickness of about 0.003 to about 
1.3 mm (about 0.0001 to about 0.050 inch). 

10. A method as claimed in claim 9 characterised in 
that said reduction in thickness is about 0.04 to 
about 0.4 mm (about 0.0015 to about 0.015 inch). 

11. A method as claimed in claim 10 characterised in 
that said reduction is about 0.05 to about 0.3 mm 
(about 0.002 to about 0.011 inch). 

12. A method as claimed in any preceding claim char- 
acterised in that a portion of said tubular work- 
piece (30) spaced axially inwardly from said sealing 
tool (18) is deformed to a transverse cross-section 
generally matching said deformed cross-section of 
said one end (58). 

13. A method according to any one of the preceding 
claims characterised in that said tubular work- 
piece (30) is located in a die (20,24) said die com- 
prising die sections (20,24) moving between open, 
intermediate and closed positions, each die section 
(20,24) having a die cavity portion (22,26) and a 
mating surface portion, which die sections (20,24) 
in the closed position have the mating surface por- 
tion of each section in mating engagement with the 
mating surface portion of each adjacent section, 
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and said step of deforming said end portion (58) of 
said tubular blank (30) comprises placing the blank 
(30) between the die sections (20,24) in the open 
position, and partially closing the die sections 
(20,24) to said intermediate position for deforming 5 
said end portion (58), and wherein said sealing tool 
(18) is inserted into the deformed end (58) before 
said die sections (20,24) are moved to the closed 
position. 

10 

14. A method as claimed in claim 13 characterised in 
that, at least one die section (20) has a clamp mem- 
ber (16) connected movably thereon, said clamp 
member (16) defining with at least one other end 
forming member (24) a throat cavity having said de- 1 5 
formed cross section profile, said clamp member 
(16) being biased toward said other end forming 
member (24) and clamping and deforming said end 
portion (58) of the workpiece (30) on movement of 
the said one die section (20) from the open to said 20 
intermediate position, and retracting relative to said 
one die section (20) and remaining substantially 
stationary relative to said other die section (24) on 
movement of said die section (20) from the interme- 
diate to the closed position. 25 

15. A method as claimed in claim 12 characterised in 
that said clamp member (16) clamps said one end 
(58) of the workpiece (30) before said one die sec- 
tion (20) contacts the workpiece (30). 30 

16. A method as claimed in claim 14 or 15 character- 
ised in that said at least one other end forming 
member (24) comprises a portion (26), of a die sec- 
tion (24) other than said at least one die section 35 
(20). 



PatentansprQche 

40 

1. Verfahren zum Verschlieften von einem Ende eines 
rohrformigen Werkstucks (30), das einen anfangli- 
chen transversalen Querschnitt, eine Wandstarke, 
eine Innenoberfiache (31), einen von der Innen- 
oberfiache begrenzten Innenbereich (88) und ein 45 
Paar gegenuberliegender Enden (58) aufweist, wo- 
bei das Verfahren folgende Schritte umfafit: 

Bereitstellen eines Schlieftwerkzeugs (18) mrt 
einem Hals (64), und einem Pragebereich (66), so 
der einen vom Hals (64) ausgehenden, nach " 
auften veriaufenden Absatz aufweist dadurch 
gekennzeichnet, daft 

eines der beiden gegenObertiegenden Enden 
(58) so verformt ist, daQ es einen verformten 55 
Endabschnitt aufweist, dessen verformcer 
transversaler Querschnitt sich vom anfangli- 
chen transversalen Querschnitt unterscheidet, 



und 

das Werkstuck (30) gepragt wird, indem der 
Hals (64) des Schlieftwerkzeugs (18) axial in 
den verformten Endabschnitt gedruckt wird, 
wobei der Pragebereich (66) des Schlie&werk- 
zeugs ( 1 8) an der Stirnflache (33) des einen ge- 
genObertiegenden Endes (58) angreift und die- 
ses lateral nach innen druckt und so den ver- 
formten Endabschnitt verschlie&t. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daQ der Verformungsschritt das Hinein- 
zwangen des Halses (64) in den Innenbereich um- 
faftt, wahrend das eine gegenuberiiegende Ende 
(58) lateral zum Hals (64) hin gedruckt wird. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daft der Schritt zum verformen des 
einen gegenObertiegenden Endes (58) das Bereit- 
stellen eines Endformstucks (16) und das Drucken 
des Endformstucks (16) transversal nach innen 
zum einen gegenObertiegenden Endstuck (58) um- 
faftt. 

4. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, daft das Endformstuck (16) eine Innen- 
seite (24) hat, die an dem einen gegenuberliegen- 
den Ende (58) angreift und parallel zu einer Achse 
des einen gegenuberliegenden Endes (58) verlauft. 

5. Verfahren nach einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, daQ das Sclie&werkzeug 
(18) hinterdem Pragebereich (66) einen Hauptab- 
schnitt (60) aufweist, dessen transversale Weite 
gro&er als die transversale Weite des verformten 
transversalen Querschnitts ist 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daft der Prageschritt das Einfuhren des 
Hauptabschnitts (60) umfa&t, und zwar axial nach 
innen bzgl. der Innenseite (24) des Endgormstucks 
(16) und des einen gegenuberliegenden Endes 
(58). 

7. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daft der Prageschritt das Angreifen einer 
Stirnflache (33) des einen gegenuberliegenden En- 
des (58) am Pragebereich (66) umfaftt, wobei der 
Hauptabschnitt (60) axial aufterhalb der Stirnflache 
(33) des einen gegenuberliegenden Endes (58) 
verbieibt. 

8. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daft das Endformstuck (16) einen End- 
abschnitt (34) aulweist, der von der Innenseite (24) 
aus transversal nach au&en verlauft, und wobei der 
Prageschritt das EinfOhren des Halses (60) axial 
nach innen bzgl. des Endabschnitts (34) des End- 
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formstucks (16) und des einen gegeiiuberliegenden 
Endes (58) und das EinWemmen des rohrformigen 
Werkstucks (30) zwischen dem Pragebereich (66) 
und der Innenseite (24) umfa&t. 

5 

9. Verfah ren nach einem der vorhergehenden Anspru- 
che v dadurch gekennzeichnet, daft der Prage- 
schritt eine Verminderung der Wandstarke von etwa 
0,003 bis etwa 1,3 mm (ca. 0,0001 bis ca. 0.050 
Zoll) verursacht. 10 

10. Verfahren nach Anspruch 9, dadurch gekenn- 
zeichnet, daft die Verminderung der Starke etwa 

0,04 bis etwa 0,4 mm (ca. 0,00 1 5 bis ca. 0,0 1 5 Zoll) 
betragt t5 

11. Verfahren nach Anspruch 10, dadurch gekenn- 
zeichnet, daft die Verminderung etwa 0,05 bis etwa 
0,3 mm (etwa 0,002 bis etwa 0,011 Zoll) betragt. 

20 

1 2. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daB ein Abschnitt 
des rohrformigen Werkstucks (30), der in einem Ab- 
stand axial nach innen vom SchlieBwerkzeug (18) 
verlauft, zu einem transversalen Querschnitt ver- 25 
formt ist, der im wesentlichen dem verformten 
Querschnitt des einen Endes (58) entspricht. 

1 3. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daB das rohrformi- 30 
ge Werkstuck (30) in einer Form (20, 24) angeord- 

net ist, die Abschnitte (20, 24) aufweist, die sich zwi- 
schen einer offenen, einer Zwischenund einer ge- 
schlossenen Stellung bewegen, wobei jederForm- 
abschnitt (20, 24) einen Formhohlraumbereich (22, 35 
26) und einen Pa&flachenbereich aufweist, wobei 
sich der PaBflachenbereich jedes Abschnitts in ge- 
schlossener Stellung der Formabschnitte (20, 24) 
in den PaBflachenbereich jedes angrenzenden Ab- 
schnitts einfugt, und der Schritt zum Verformen des *o 
Endabschnitts (58) des rohrformigen Rohlings (30) 
folgendes umfaBt: Anordnen des Rohlings (30) zwi- 
schen den Formabschnitten (20, 24), die sich in ge- 
offneter Stellung befinden, und teilweises Schlie- 
Ben der Formabschnitte (20, 24) in die Zwischen- 45 
stellung zum Verformerv des Endabschnitts (58), 
und Eintuhren des SchlieBwerkzeugs (18) in das 
verformte Ende (58), bevor die Formabschnitte (20, 
24) in die geschlossene Stellung bewegt werden. 

so 

14. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet, daB mindestens ein Formabschnitt (20) 
mfl einem Klemmstuck (16) beweglich verbunden 
ist, wobei das Klemmstuck (16) mit mindestens ei- 
nem weiteren Endformstuck (24) einer Durchgang 55 
festlegt, der das verformte Querschnittsprofil auf- 
weist, wobei das Klemmstuck (16) gegen das an- 
dere Endformstuck (24) gedruckt wird und den End- 



abschnitt (58) des Werkstucks (30) bei Bewegung 
des einen Formabschnitts (20) aus der geoffneten 
in die Zwischenstellung einklemmt und verformt, 
und sich gegenuber dem einen Formabschnitt (20) 
verschiebt und bzgl. des anderen Formabschnitts 
(24) im wesentlichen stationar bleibt, wenn sich der 
Formabschnitt (20) aus der Zwischen- in die ge- 
schlossene Stellung bewegt. 

15. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, daB das Klemmelement (16) das eine 
Ende (58) des Werkstucks (30) einklemmt bevor 
der erste Formabschnitt (20) das Werkstuck (30) 
beruhrt. 

> 

16. Verfahren nach Anspruch 14 oder 15, dadurch ge- 
kennzeichnet, daB das mindestens eine andere 
Endformstuck (24) einen Abschnitt (26) aufweist, 
der zu einem anderen Formabschnitt (24) ais dem 
mindestens einen Formabschnitt (20) gehort. 



Revendications 

1. Proc6d6 d'obturation d'une. extnSmite d'une pfece 
tubulaire (30) ayant une section transversale initia- 
le, une Spaisseur de paroi, une face interieure (31), 
une region interieure (88) limitee par la face inte- 
rieure (31), et deux extrSmites opposes (58), ce 
proc&te comprenant les etapes de : 

prise d'un outil ^obturation (18) comprenant un 
col (64) et une partie de matrigage (66) com- 
prenant un epaulement s^tendant vers rexte- 
rieur & partir du col (64), caracterisd par le fait 
que 

Ton d§forme une des extremites opposees (58) 
pour cr6er une partie d'extrSmrte dSfbnTtee 
ayant une section transversale d6form6e difte- 
rente de fa section transversale initiale, et 
Ton matrice la pifcce (30) en enfongant axiale- 
ment le col (64) de Poutil d'obturation (18) dans 
la partie d'extn§mite d§fbmrtee en appliquant la 
. partie de matrigage (66) de Poutil d'obturation 
(18) contre la surface d'extnSmite (33) de ladite 
extrSmite (58) et pressant ladite extnSmite Iat6- 
ralement vers Finterieur et par Id obturant la 
partie d'extnSmite dSfomtee. 

2. Proced6 selon la revendication 1, caracterise par 
le fait que P6tape de deformation comprend Pen- 
foncement du col (64) dans la region interieure avec 
en meme temps pressage lateral de ladite extn§mite 
(58) vers le col (64). 

3. Proc6d§ selon Pune des revendications 1 et 2, ca- 
racterls* par le fait que Cdtape de deformation de 
ladite extrgmrte (58) comprend la prise d'un Stement 
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5. 



6. 



7. 



8. 



9. 



de fagonnage d'extr6mite (16) et la poussee de cet 
element (16) transversalement vers Pinterieur vers 
ladite extrgmite (58). 

Precede selon la revendicatlon 3, caracterise par 
le fait que Pelement de fagonnage cfextr§mit6 (16) 
a un cote interieur (24) qui vient en prise avec ladite 
extremite (58), et ce cote interieur (24) s'etend pa- 
rallelement & un axe de ladite extremite (58). 

Precede selon Tune des revendications 1 £ 4, ca- 
racterise par le fait que Poutil d'obturation (18) 
comprend une partie de base (60) situ6e en arriere 
de la partie de matrigage (66) et de largeur trans- 
versale superieure £ une largeur transversale inte- 
rieure de la section transversale deformee. 
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Precede selon la revendication 5, caracterise par 
le fait que Tetape de matrigage comprend Intro- 
duction de la partie de base (60) axialement vers 20 
Pinterieur par rapport au cote interieur (24) de Peie- 
ment de fagonnage cf extremite (16) et a ladite ex- 
tremite (58). 

Precede selon la revendication 5, caracterise par 25 
le fait que I'etape de matrigage comprend la mise 
en prise d'une surface cfextremrte (33) de ladite ex- 
tremite (58) avec la partie de matrigage (66) avec 
maintien de la partie de base (60) axialement £ Pex- 
terieur de la surface d*extr6mit§ (33) de ladite ex- 30 
tn§mit<§ (58). 

Procede selon la revendication 5, caracterise par 
le fait que Telement de fagonnage d'extremrte (16) 
a une partie d'extremite (34) qui s'etend transver- 35 
salement a Texterieurdu cote interieur (24), et dans 
lequel I'etape de matrigage comprend Introduction 
du col (64) axialement vers Pinterieur par rapport & 
la partie d'extremite (34) de lament de fagonnage 
d'extremite (16) et a ladite extremite (58) et le pin- 40 
cement de la piece tubulaire (30) entre la partie de 
matrigage (66) et le cdte interieur (24). 

Precede selon Tune des revendications precSden- 
tes, caracterise par le fait que I'etape de matriga- 45 
ge produit une reduction de P6paisseur de paroi 
d'environ 0,003 £ environ 1,3 mm (environ 0,0001 
a environ 0,050 pouce). 



10. Precede selon la revendication 9, caracterise par so 
le fait que la reduction cfepaisseur est d'environ 
0,04 a environ 0,4 mm (environ 0,0015 & environ 
0,015 pouce). 

1 1 . Precede selon la revendication 10, caracterise par ss 
le fait que la reduction est d'environ 0,05 a environ 

0,3 mm (environ 0,002 a environ 0,011 pouce). 



1 2. Procede selon Pune des revendications pr§c6den- 
tes, caracterise par le fait qu'une partie de la piece 
tubulaire (30) espac6e axialement vers Pinterieur de 
Poutil d'obturation (18) est deformee de fegon a 
avoir une section transversale adaptee de mantere 
generate £ la section deformee de ladite extremite 
(58). 

1 3. Procede selon Tune des revendications pn§c6den- 
tes, caracterise par le fait que la piece tubulaire 
(30) est plac6e dans une matrice (20, 24) qui com- 
prend des parties (20, 24) qui se d6placent entre 
des positions ouverte, intermediate et ferm§e, cha- 
que partie (20, 24) de la matrice ayant une partie 
cavite (22, 26) et une partie surface correspondan- 
te, en position ferm§e, la partie surface correspon- 
dante de chacune des parties de matrice (20, 24) 
etant en prise avec la partie surface correspondan- 
te de chaque partie adjacente, et I'etape de defor- 
mation de la partie d'extremite (58) de Pebauche tu- 
bulaire (30) comprend le placement de Pebauche 
(30) entre les parties de matrice (20, 24) en position 
ouverte, et la femneture partielle des parties de ma- 
trice (20, 24) jusqu'e la position intermediate pour 
la deformation de la partie d'extremite (58), et dans 
lequel Poutil d'obturation (18) est introduit dans Pex- 
tn§mit§ deformee (58) avant que les parties de ma- 
trice (20, 24) soient amenees en position fermSe. 

1 4. Precede selon la revendication 1 3, caracterise par 
le fait qu'au moins une partie (20) de la matrice a 
un element de serrage (16) joint de manfere mobile 
a elle, cet element de serrage (16) formant avec au 
moins un autre element de fagonnage d'extremite 
(24) une cavite a gorge ayant ledit profil de section 
deforme, I'eiement de serrage (16) etant pousse 
vers Pautre element de fagonnage d'extremite (24) 
et serrant et deformant la partie d'extremite (58) de 
la piece (30) sur mouvement de la partie de matrice 
(20) de la position ouverte & la position intermediai- 
re, et reculant par rapport a la partie de matrice (20) 
et restant sensiblement immobile par rapport a 
Pautre partie de matrice (24) sur mouvement de la 
partie de mati'dre (20) de la position intermediaire a 
fa position fermee. 

1 5- Procede selon la revendication 12, caracterise par 
le fait que Peiement de serrage (16) serre I'extre- 
mite (58) de la piece (30) avant que la partie de ma- 
trice (20) vienne en contact avec fa piece (30). 

16. Procede sefon Pune des revendications 14 et 15, 
caracterise par le fait que le ou chaque autre ele- 
ment de fagonnage d'extremite (24) comprend une 
partie (26) cfune partie de matrice (24) autre que 
ladite partie de matrice (20). 
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